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(54) Title: DISPLAY PANELS USING FIBROUS FIELD EMITTERS 




(57) Abstract 

Display panels comprise at tcast one suspended fibrous cathode containing an electron field e mitter. Tbc fibrous cathode is supported 
by a substrate (10) containing two sets of parallel rows Of crests and valleys. The first set of parallel crests (tl) and valleys (12) provide 
the valleys along which the fibrous cathode is aligned. The second set of parallel crests (13) and valleys (14) is perpendicular to the first 
set Tne valleys (14) provide the means for suspending the fibrous cathode. 
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TITLE 

DISPLAY PANELS USING FIBROUS FIELD E MITTER S 
FIELD OFTHF. INVENTION 
The present invention generally relates to display panels. In particular, the 
5 invention relates to display panels having a suspended fibrous cathode con taining 
an electron field emitter 

BACKGROUND O F THE INVENTION 
Display screens are used in a wide variety of applications, such as home 
and commercial large screen televisions, laptop and desktop computers, and 
10 iqdoor and outdoor advertising and information presentations. So-called flat 
panel displays are only a few inches thick in contrast to deep cathode ray rube 
monitors found on most televisions and desktop computers . Flat panel displays 
are a necessity for laptop computers, but also provide advantages in size and 
weight for many other applications. Currendy, laptop computer flat panel 
15 displays utilize liquid crystals which can be switched from a transparent state to 
an opaque state by the application of small electrical signals. It is difficult to 
reliably produce these displays in sizes larger than those suitable for laptop 
computers. 

Plasma displays have been proposed as an alternative to liquid crystal 

20 displays. Plasma displays utilize tiny pixel cells of electrically-charged gases to 
produce an image and require relatively large electrical power to operate* 

Display panels having a cathode using a field emission electron source, 
Le., a field emission material or field emitter, and a phosphor capable of emitting 
light upon bombardment by electrons emitted by the field emitter have been 

25 proposed. Such display panels have the potential for providing the visual display 
advantages of conventional cathode ray tubes and the depth, weight and power 
consumption advantages of flat panel displays. U. S. Patents 4,857,799 and 
5,015,912 disclose matrix-addressed flat panel displays using micro-tip cathodes 
constructed of tungsten, molybdenum or silicon. WO 94-15352, WO 94-15350 

30 and WO 94-2857 1 disclose fiat panel displays wherein the cathodes have 
relatively flat emission surfaces. 

It has now been discovered that a fibrous cathode provides advantages 
over a cathode having a relatively flat emission surface. The fibrous cathode is 
supported by a substrate and further improved performance is achieved when the 

35 portions of the fibrous cathode addressed, and from which electron emission 

occurs, are suspended and not in direct physical contact with the substrate. As a 
result, there is a need for alternative technology for producing high quality and 
efficient display panels for all these applications and for producing them in large 
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sizes when required. Other objects and advantages of the present invention will 
become apparent to those skilled in the ait upon reference to the attached 
drawings and to the detailed description of the invention which hereinafter 
follows. 

5 SUMMAW V OB the mroq ffl 

The present invention provides a display panel comprising a fibrous 
cathode formed of at least one fiber comprised of a field emission material, an 
electrically-conductive film serving as an anode and spaced apart from the fibrous 
cathode, and a phosphor layer capable of emitting light upon bombardment by 
10 electrons emitted by the fiber field emission material and positioned adjacent to 
the anode, wherein the fibrous cathode is supported by a substrate and the 
portions of the fibrous cathode addressed, and from which electron emission 
occurs, are suspended and not in direct physical contact with the substrate. 
One embodiment provides for: 
15 *• a regularly undulating surface on the substrate with a first set of 

parallel rows of crests and valleys and a second set of parallel rows of crests and 
valleys wherein the rows of crests and valleys of the first set are not parallel to the 
rows of crests and valleys of the second set; 

b. a fibrous cathode consisting essentially of at least one fiber 
20 comprised of a field emission material aligned along the length of each of the 

valleys of the first set of parallel rows of crests and valleys; and 

c. a suspension element disposed along the length of each of the 
valleys of the second set of parallel rows of crests and valleys and supporting the 
fibrous cathode. 

25 Preferably, the parallel rows of crests and valleys of the first set are 

pra I «ndiciilar to the parallel rows of crests and valleys of the second set. It is also 
preferable to have the substrate coated with an electrically-conductive material 
except in the valleys and on the sides of the valleys of the second set of parallel 
rows of crests and valleys. This electricauy^onductive coating serves as a gate 

30 electrode. The suspension element can be comprised of a non-emitting fiber 
aligned along the length of each of the valleys of the second set of parallel rows 
of crests and valleys. A second non-emitting fiber can be aligned along the length 
of each of the valleys of said second set of parallel rows 0 f crests and valleys on 
top of said fibrous cathode thereby anchoring said fibrous cathode in place. 
35 Another embodiment provides for. 

a- a regularly undulating surface on the substrate consisting of 
parallel rows of valleys and essentially flat crests; and 



2 
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b. a fibrous cathode consisting essentially of a regularly spaced 
parallel array of fibers comprised of an emission material, wherein the fibers are 
supported on the essentially flat crests of the substrate and suspended above the 
valleys of the substrate. 
5 In this embodiment, it is preferable to have the substrate coated with an 

electrically-conductive material in the valleys and on the sides of the valleys of 
the set of parallel rows of valleys and essentially flat crests, i.e., to have the 
substrate coated with a continuous strip of electrically-conductive material along 
each row of valleys but not along the essentially flat crests. Each said strip of the 

10 elettrically-ronductxve coating serves as a gate electrode. The undulating surface 
can be formed by etching a smooth substrate such that the essentially flat crests 
correspond to lightly etched regions of the substrate and the valleys correspond to 
more heavily etched regions of the substrate. (It will be understood that other 
means of removing or building up material to form valleys and crests are also 

15 applicable in the invention). 

In both of the above-described embodiments, at least one additional gate 
electrode can be provided to better control the emission of the electrons. It is 
especially preferred that the fibrous cathode be comprised of at least one 
composite fiber of diamond, diamond-like carbon, or glassy carbon wherein the 

20 composite fiber consists essentially of diamond, diamond-like carbon or glassy 
carbon on a non-diamond core. It will be understood that the description of the 
composite fiber as having a diamond, diamond-like carbon or glassy carbon 
coating also includes a coating co mprisin g combinations thereof. 

These embodiments provide improved control of electron emission in a 

25 display panel. 

BRIEF PESOttHTON Qf TffB DRAWQS 
FIGURE 1(a) illustrates an embodiment of the invention with a substrate 
containing one set of parallel rows of crests and valleys perpendicular to a second 
set of parallel rows of crests and valleys. 
30 FIGURES 1(b) and 1(c) illustrate orthogonal views of Fig. 1(a) showing 

the parallel rows of crests and valleys containing a fibrous cathode between a 
suspension element and an anchoring element. 

FIGURE 2, containing views 2(a), 2(b) and 2(c), illustrates another 
possible embodiment of the invention wherein the substrate consists of parallel 
35 rows of valleys and essentially flat crests made from a starting diamond-shaped 
pattern. 

DETAILED DES CRIPTION OF THE PREFERRRD EMBODIMENTS 
The present invention provides for a display panel comprised of a fibrous 
cathode in which the portions of the fibrous cathode addressed, and from which 

3 



SUBSTITUTE SHEET (RULE 26) 

PAGE 14/32 * RCVDAT 2/22/2005 5:13:08 PM [Eastern Standard Time] * SVR:USPT0-EFXRMI7 1 DNIS:8729306 4 CSID:3028927343 ' DURATION (mnws):0846 



•FEB, 22. 2005 6:22PM 

WO 97/07524 



NO. 3028 P. 15/32 



PCI7US96/12822 



electron emission occurs, are suspended and not in direct physical contact with the 
substrate 

Hie display panel provided by this invention preferably comprises: (a) a 
fibrous cathode formed of a plurality of fibers comprised of a field emission 
5 material; (b) a patterned, optically transparent electrically-conductive film serving 
as an anode and spaced apart from the fibrous cathode; and (c) a phosphor layer, 
situated immediately adjacent to the anode and capable of emitting light upon 
bombardment by electrons emitted by the fibers of the fibrous cathode. 

It will be understood that the arrangement and placement of the anode and 

10 the phosphor layer may vary without departing from the spirit of the invention. 
For example, the phosphor layer may be positioned between the anode and the 
cathode or, alternatively, the anode may be positioned between the phosphor layer 
and the cathode. The display panel can also contain one or more gate electrodes 
situated typically between the anode and the fibrous cathode. The gate electrode 

1 5 generally comprises a patterned structure of conductive paths arranged 

substantially orthogonally to the patterned film of the anode. Each conductive 
path is selectively operably connected to an electron source- 
Flat panel displays are so-called because they are only a few inches thick. 
They ate generally planar but can be curved or have other configurations as 

20 required by the specific application. Thus, as used herein, the terms "display 

panel 1 ' or "flat panel display" embrace planar and curved surfaces as well as other 
possible geometries. 

The anode is an electrically-conductive film on a support plate. Typically, 
the support plate will be an optically transparent material such as glass and the 

25 electrically-conductive film will be indium-tin oxide. The conductive film is 
placed on the side of the anode support plate facing the cathode. The conductive 
film may be patterned, and in such an embodiment, the patterned conductive film 
preferably consists of rows of conductive material. The cathode and anode are 
typically planar structures although the surfaces may be configured to optimize 

30 performance of the field emitter. The plane of the anode is essentially parallel to 
the plane of the cathode. The cathode and anode ate typically spaced apart from 
one another by a mechanical spacer. The phosphor layer is one which emits light 
of desired wavelength upon bombardment by electrons emitted by the fibrous 
cathode. Examples of such phosphors include ZnO, ZnS, doped ZnS and the like. 

35 Preferably, the phosphor layer is immediately adjacent the anode and, for 

convenience of manufacture, can be deposited directly onto the conducting film. 

When used, the gate electrode is typically comprised of a patterned 
electrically-conductive material which is electrically-isolated from the fibrous 
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cathode and the anode containing the phosphor layer. This is most readily 
accomplished by depositing the patterned electrically -conductive material on an 
electrically-insulating material located either between the cathode and the 
phosphor layer or behind the cathode so that the cathode is positioned between the 
5 gate electrode and the anode. A gate electrode can be formed on the substrate 
supporting the fibrous cathode when this substrate has a suitably fashioned 
surface (e.g., could be flat or undulating). Materials suitable for the gate 
electrode include any of the metallic conductors commonly used as film 
conductors such as copper, gold, aluminum, radium-tin oxide, tungsten* 
10 molybdenum, chrome and the like. The patterned material can be in the forni of 
rows or strips. 

A suitable vacuum should be provided in the region between the cathode 
and the phosphor layer or between the cathode and the anode, if the anode is 
between the cathode and the phosphor layer. All materials in contact with or 
15 exposed to vacuum used in forming the display panel must be compatible with 
such a vacuum. 

The field emitter or field emission material used in the fibrous cathode of 
this invention is a field emission electron source. Various fiber or fiber-like 
geometries are possible in forming the fibrous cathode which is comprised of at 

20 least one such fiber. By "fiber" is meant that one dimension is substantially 
greater man the other two dimensions . "Fiber-like" means any structure 
resembling a fiber even though that structure may not be movable and may not be 
able to support its own weight. For example, certain "fiber-like" structures, 
typically less than 10 um in diameter, could be created directly on the substrate. 

25 The fibers can have any shape fiber cross-section limited only by the means of 
niarinfacture (eg-, design of the die or spinneret). Additionally » variations in the 
shape of the spinneret may lead to desirable internal molecular micros txucture 
within the fibers themselves. Fibers may be bundled together in the fashion of 
multiple filaments. 

. 30 These fibers can be made of the field emitter alone or can be a composite 

fiber of a non-field emitter core with a thin layer or coating of field emitter 
surrounding the core. Preferably, the core material is conductive or semi- 
conductive. In another embodiment, the fiber may consist of a more complex 
structure, for example, a non-conductive core surrounded by a coating of 
35 conductive or semi-conductive material with a field emission material 
surrounding the coating. 

The present invention may employ, for example, diamond, diamond-like 
carbon or glassy carbon as field emission materials. Hie fibrous cathode can be 
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comprised of diamond, diamond-like carbon ox glassy carbon composite fibers 
consisting essentially of diamond, diamond-like carbon or glassy carbon on non- 
diamond core fibers. Hie core material can be, e.g., a conductive carbon such as 
graphite or a metal such as tungsten, copper, titanium or molydenum or can be a 
5 semiconductor, e.g., silicon or silicon carbide. In an alternate embodiment, the 
core can be a metallized insulator such as tungsten coated on a non-conductive 
polyester, nylon or Kevlar® fiber (Kevlar* is a registered trademark of E. I. 
du Pont de Nemours and Company, Wilnungton, DE). In other embodiments, a 
diamond, diamond-like carbon or glassy carbon precursor can be coated onto the 

10 non-diamond core and the diamond, diamond-like carbon or glassy carbon is then 
formed by appropriate treatment of the precursor. 

Diamond fibers and fibrous diamond composites, such as diamond-coated 
graphite or diamond-coated carbon, preferably include a sub-micron scale crystal 
structure of diamond, Le., diamond having crystal sizes of generally less than 

IS about 1 micron in at least one crystal dimension. Within the sub-micron sized 
diamond crystals, such diamond crystals include at least some exposed 
Ill-oriented crystal facets, some exposed 100-oriented crystal facets, or some of 
both. Another form of diamond having suitable sub-micron dimensions is 
commonly referred to as cauliflower-diamond which has fine grained balls as 

20 opposed to a pyramidal structure. 

Fibers including diamond-like carbon with an appropriate short range 
order, i.e., a suitable combination of sp2 and sp^ bonding may also provide for 
field ermssion materials with high current densities. By "short range order" is 
generally meant an ordered arrangement of atoms less than about 10 nanometers 

25 (mn) in any dimension. It may also be possible to use fibers, e.g., carbon fibers, 
coated with amorphic diamond via laser ablation as described by Davanloo et aL 
in J. Mater, Res., Vol 5, No. 11, Nov, 1990. 

Fibers containing glassy carbon, an amorphous material exhibiting Raman 
peaks at about 1380 enr 1 and 1598 cm" 1 , as the field emitter material are also 

30 useful. "Diamond-like carbon* 1 is used herein to designate the material referred to 
in the literature as diamond-like carbon as well as glassy carbon and carbon 
containing microscopic inclusions of glassy carbon, all of which are diamond-like 
in their performance as fiber field emission materials. 

Generally, the composite fibers have a total diameter ranging from about 

35 1 micron to about 100 microns, preferably from about 3 microns to about 

15 microns. The emission material layer or coating in such a composite fiber can 
generally be from about 50 Angstroms (5 rrm) to about 50,000 Angstroms (5 pm), 
preferably from about 1000 Angstroms (0. 1 urn) to about 20,000 Angstroms 
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(2 urn), more preferably from about 1000 Angstroms (0.1 pm) to about 5,000 
(05 pm) Angstroms. 

Diamond typically has several low index facets of low or negative electron 
affinity, eg., 100-faceted diamond with a low affinity whereas Ill-faceted 
5 diamond has a negative electron affinity. Diamond-like carbon or glassy carbon 
may preferably be n-type doped with, e.g., nitrogen or phosphorus, to provide 
more electrons and reduce the work function of the material. 

Such a diamond or diamond-like carbon layer preferably has rough jagged 
edges such that a series of spikes and valleys is present upon the diamond or 

10 diamond-like carbon layer. In diamond coatings, this surface morphology results 
from a raicrocrystalline structure of the diamond material. It may be preferred 
that a minor amount of graphite be situated between at least a portion of said 
diamond crystals within said diamond coating for best results. It may also be 
preferred that diamond grown via chemical vapor deposition (CVD) develop in 

15 columnar fashion due to slight misalignment between the growing crystals. This 
misalignment may also promote the development of the rough jagged edges of the 
diamond morphology. 

One manner of providing diamond composite fibers is to coat a fiber- 
shaped substrate with diamond via a plasma CVD process with microwave 

20 excitation, radio frequency excitation or hot filament excitation of a feed gas 
mixture including a minor amount of a carbon-containing gas such as methane* 
ethylene, carbon monoxide and the like and a major amount of hydrogen. The 
diamond CVD coating process is slightly modified when graphite is the core of 

v the diamond composite core, since graphite is known to be a difficult material to 

25 coat with diamond via CVD because of the etching away of the graphite substrate 
by atomic hydrogen in the plasma. Accordingly, graphite fibers are preferably 
pre-treared to increase the density of nuclearion sites for diamond upon the 
graphite fibers surface. The graphite fibers can be agitated with diamond powder 
or grit, in a liquid medium, preferably an organic solvent medium such as 

30 methanol, thereby ablating the surface and embedding diamond powder particles 
in the graphite. 

In Figure 1(a) is shown the substrate 10 used in an embodiment of the 
invention in which the substrate contains two sets of parallel rows of crests and 
valleys. The first set of parallel crests 11 and valleys 12 (first set) provide the 
35 valleys along which the fibrous cathode (consisting essentially of at least one fiber 
comprised of a field emission material) is aligned. The second set of parallel 
crests 13 and valleys 14 (second set) is shown perpendicular to the first set, which 
is the preferred configuration. Both sets of crests and valleys are shown with 
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vertical walls between the crests and valleys, bat sloped or curved sections can 
also be used, the parallel rows of crests and valleys are shown regularly spaced, 
Le., the distance between the centers of two neighboring crests ox between the 
centers of two neighboring valleys is the same within each set. Alternatively, 
5 when several phosphors are used (e.g, t three phosphors can be used to provide a 
color display) the dimensions in the first set can be varied to compensate for 
differences in efficiencies of the different phosphors. In that case, each triad, Le., 
each set of three pair of crests andvalleys, will be regularly spaced. 

The valleys of the second set are typically narrower and less deep than the 
10 valleys of the first set as shown in Figure 1(a), Generally, the valleys of the first 
set are from about 25 um to about 250 pm deep, preferably from about 100 um to 
about 150 pm deep, and from about 10 pm to aboui 350 pm wide, preferably from 
about 150 Jim to about 250 um wide, and the crests of the first set are from about 
25 urn to about 250 um wide, preferably from about 50 pm to about 150 um wide. 
15 Generally, the valleys of the second set arc from about 10 um to about 150 um 
deep, preferably from about 20 to about 50 pm deep, and from about 50 pm to 
about 125 um wide and the crests of the second set are from about 600 pm to 
about 700 um wide. The substrate can be made of insulators such as soda lime 
glass, pyrex, and glass ceramics. 
20 Although the foregoing dimensions are typical of high density television 

implemcntaticm, those skilled in the art will understand mat dimensions will vary 
for other types of display panels of lower or higher pixel size or for different 
shapes. 

Typical ways of forming two such sets of parallel rows of crests and 
25 valleys on these substrate materials include etching, using ceramic 

GREEN TAPE™ (commercially available from E. I. du Pont de Nemous and 
Company, Wilmington, DE), sandblasting, thick film sequential deposition, laser 
ablation and forging, although other means are possible and not excluded from 
this invention. 

30 The valleys of the second set provide the means for suspending the fibrous 

cathode. The fibrous cathode can be placed along the length of each valley of the 
first set and be suspended by the surfaces of the valleys of the second set when 
these valleys are less deep than those of the first set. Preferably, a suspension 
element is disposed along the length of each of the valleys of the second set to 

35 support the fibrous cathode. The suspension element can be a continuous 

structure, e .g. f a non-cnutring fiber aligned along the length of each valley and 
upon which me emitting fibrous cathode rests. A film extended along the length 
of each valley could also be used The embodiment using a non-emitting fiber 
aligned along the length of each valley as the suspension element is shown in 
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Figures 1(b) and 1(c) which are two orthogonal views of the substrate of 
Figure 1(a)- Before the fibrous cathode is positioned on the substrate, it is 
preferable to have the substrate coated with an electricaUy-oonductive material to 
provide means to apply a voltage and create the electric field necessary for 
5 emission. Such an ekctricaUy-conductive material 15 is shown in Figures 1(b) 
and 1(c). The electrically-conductive material coats the substrate, except in the 
valleys and on die sides of the valleys of the second set, thereby providing a 
substrate coated with a parallel array of continuous strips of electrically- 
conductive material . Each said strip of this parallel array serves * a gate 
10 electrode. The fibrous cathode 16 is shown resting on the non-emitting fiber 17 
rumung through each valley of the second set. Also shown is a second non- 
emitting fiber 18 aligned along the length of each of the valleys of the second set 
on top of said fibrous cathode thereby anchoring said fibrous cathode in place. A 
non-enntting fiber aligned along the length of each of the valleys of the second set 
15 on top of "said fibrous camode thereby anch 

also be used when suspension is achieved by means other than a non-ernrtting 
fiber. 

Alternatively, the suspension element can be a discontinuous structure 
comprised of a series of pedestals or films on each valley of the second set at each 
20 intersection with a valley of the first set. The use of a suspension element is 

required when the valleys of the second set are as deep or deeper than the valleys 
of the first set. 

One or more additional gate electrodes can be further provided to better 
• control the emission of electrons. 
25 In another embodiment of the invention, the display panel has a regularly 

undulating surface on the substrate consisting of parallel rows of valleys and 
essentially flat crests. In this embodiment, the fibrous cathode consists essentially 
of a regularly spaced parallel array of fibers, wherein the fibers are supported on 
the essentially flat crests of the substrate and suspended above the valleys of the 
30 substrate. For example, the undulating surface can formed by etching a smooth 
substrate such that the essentially flat crests correspond to lightly etched regions 
of the substrate and the valleys correspond to more heavily etched regions of the 
substrate. Substrates with this type of structure can also be formed by the 
methods provided for the first embodiment above, including laser ablation. 
35 Preferably, the fibers of the fibrous cathode are essentially perpendicular to the 
parallel rows of valleys and essentially flat crests. It is also preferable to have the 
substrate coated with a continuous strip of an electrically-conductive material in 
the valleys and on the sides of the valleys of the set of parallel rows of valleys and 
essentially flat crests (i.e., to have the substrate coated with a continuous strip of 

9 
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electrically-coiKtactive material along each row of valleys but not along the 
essentially flat crests). This thereby provides a substrate coated with a parallel 
array of continuous strips of electrically-conductive material, one such strip along 
^ach row of valleys. This parallel array provides a multiplicity of gate electrodes 

5 (Le., each said strip serves as a gate electrode) which run transverse to the valleys 
through which the fibers of the fibrous cathode run, 

A variation of this embodiment, which can provide better control of the 
electron emission, is one in which the valleys and the essentially flat crests occur 
in tows but these rows are not continuous, i.e., there is a region of the substrate 

10 along which the surface is undulating with a succession of valleys and essentially 
flat crests and on either side of this region are regions with essentially flat 
surfaces and on the other sides of both of these flat regions are other regions along 
which the surface is undulating with a succession of valleys and essentially flat 
crests. Thus, according to this varied embodiment, there are still parallel rows of 

15 valleys and essentially flat crests; however, they are not continuous rows, but, 

rather (1) rows of valleys wherein the valleys are placed at regular intervals along 
each row; aod(2) rows of essentially flat crests with the essentially flat crests 
placed at regular intervals along each row. Such an embodiment is shown in 
Figure 2. Figure 2(a) shows a possible etch pattern on the surface of the 

20 substrate. Uns pattern could be used to form the valleys and essentially flat 
crests. Figure 2(b) shows the areas of the substrate that would be etched and 
Figure 2(c) shows die depth profile along the 21-22 line of Figure 2(b). The 
fibers of the fibrous cathode would be aligned along lines such as the 21-22 line 
of Figures 2(b) and 2(c). 

25 It should be noted that in the embodiments of the invention, the axis of 

each fiber of which the fibrous cathode is comprised lies essentially in the plane 
of the cathode* Thus, electron emission from these fibers occurs along the length 
of the fibers utilized and not from the fiber tip or end. 

As noted above, the substrate can be made of insulators such as soda lime 

30 glass, pyrex (borosilicate glass) and glass ceramics. The valleys and essentially 
flat crests can be formed by well-known etching techniques. In one example, 
glass substrates were cleaned with a detergent (Sparkleen^ commercially 
available from Fisher Scientific) and rinsed well with deionized water. The water 
was removed in an isopropyl alcohol vapor drier. The side of the glass to be 

35 etched and patterned was coated with a 50 nm layer of chromium followed by a 
200 nm layer of gold using an electron beam coater. Positive photoresist (EPA 
914E2-30 commercially available from Hoechst Celanese) was spun onto the gold 
surface and baked at 100°C for 30 minutes. Exposure of the photoresist was 
carried out using a Colight vacuum contact printer and the image was developed 

10 
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with Ultramac MP 96 developer. The exposed gold image was etched in I2/KI 
solution and the chromium exposed by this etching was subsequently etched in 
KTI Chrome Etch. Hie exposed glass was etched in HP solution to obtain 
appropriate etch depths in the glass. 



described in the foregoing description, it will be understood by those skilled in the 
art that the invention is capable of numerous modifications, substitutions and 
rearrangements without departing from the spirit or essential attributes of the 
invention. Reference should be made to the appended claims, rather than to the 
10 foregoing specification, as indicating the scope of the invention. 



5 



Although particular embodiments of the present invention have been 



11 



SUBSTITUTE SHEET (RULE 26) 

PAGE 22/32 1 RCVD AT 2/22/2005 5:1 3:08 PM (Eastern Standard Time] * SVR:USPT0£FXRF-1/7 1 DNIS:8729306 1 CSID:3028927343 1 DURATION (mm*s):0846 



•FEB. 22. 2005 6:25PM NO. 3028 P. 23/32' 

WO 97/07524 

PCT/US9fi/128» 

1. A display panel ecirrorised of a fibrous cathode formed of at least 
one fiber comprised of a field emission material, an elccmcaUy-condnctive film 
serving as an anode and spaced apart from die fibrous cathode, and a phosphor 
5 layer capable of emitting fighi upon bombardment by electrons emitted by the 
fiber field emission material and positioned adjacent to the anode, wherein the 
fibrous cathode is supported by a substrate and the portions of said fibrous 
cathode addressed, and from which electron emission occurs, are suspended and 
not in direct physical contact with the substrate, wherein the display panel further 
10 comprises: 

a- a regularly undulating surface on said substrate with a first set 
of parallel rows of crests and valleys and a second set of parallel rows of crests 
and valleys wherein the rows of crests and valleys of said first set are not parallel 
to the rows of crests and valleys of said second set; 

15 b " said fibrous cathode consisting essentially of at least one fiber 

comprised of a field emission material aligned along the length of each of the 
valleys of said first set of parallel rows of crests and valleys; and 

c. a suspension element disposed along the length of each of the 
vaUeys of said second set of parallel rows of crests and valleys and supporting 

20 said fibrous cathode, 

2. The display panel display of Claim 1 wherein said substrate is 
coated with an electrically-conductive material, except in the valleys and on the 
sides of the valleys of said second set of parallel rows of crests and valleys 
thereby providing a substrate coated with a parallel array of continuous strips of 
electricaUywMnductive material, each said strip serving as a gate electrode. 

3 - The display panel of Claim 2 wherein said fibrous cathode is 

comprised of at least one diamond, diamond-like carbon or glassy carbon 
composite fiber consisting essentially of diamond, diamond-like carbon or glassy 
carbon on a non-diamond core. 
30 4. The display panel of Claim 1 wherein said suspension element is 

comprised of a non-emitting fiber aligned along the length of each of the valleys 
of said second set of parallel rows of crests and valleys. 

5. The display panel of Claim 4 wherein a second non-emitting fiber 
is aligned along the length of each of the valleys of said second set of parallel 

35 rows of crests and valleys on top of said fibrous cathode thereby anchoring said 
fibrous cathode in place. 

6. The display panel as in any of Claims 2-5 further comprising at 
least one additional gate electrode. 



25 
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7. The display panel as in any one of Claims 2-5 in which the parallel 
rows of crests and valleys of said first s „ are perpendicular to the parallel rows of 
crests and valleys of said second set. 

8. The display panel of Claim 7 further comprising at least one 
5 additional gate electrode. 

9. Hie display panel of Claim 7 in which the valleys of said first set 
are from about 25 pm to about 250 fun deep and from about 10 pm to about 
350 pm wide, the crests of said first set art from about 25 urn to about 250 pra 
wide, the valleys of said second set arc from about 10 nm to about 150 um deep 

10 and from about 50 nm to about 125 pmwide.and the crests of said second set ate 
from about 600 um to about 700 pm wide. 

10. ^«^laypandofOaim9mwm<±thevaUeysofsaidfuwset 
are from about 100 um to about 150 um deep and from about 150 um to about 
250 pm wide, the crests of said first set am from about 50 nm to about 150 pm 

15 wide, and the valleys of said second set are from about 20 pm to about 50 pm 
deep. 

1 1. Hie display panel of Claim l further comprising at least one gate 
electrode and wherein the parallel rows of crests and valleys of said first set am 
peipcndiculax to the parallel rows of crests and valleys of said second set. 

20 12. The display panel of Claim 11 in which the valleys of said first set 

are from about 25 pm to about 250 um deep and from about 10 pm to about 
350pm wide, the crests of said first set are from about 25 pm to about 250 um 
wide, the valleys of said second set are from about 10 pm to about 150 pm deep 
and from about 50 pm to abont 125 pm wide, and the crests of said second set are 

25 from about 600 pm to about 700 pm wide. 

13. The display panel of a aim 12 m which the valleys of said fast set 
are from about 100 pm to about 150 pm deep and from about 150 pm to about 
250 pm wide, the crests of said first set are from about 50 pm to about 150 pm 
wide, and the valleys of said second set are from about 20 pm to about 50 um 

30 deep. 

14. The display panel as in any of Claims 1 or 1 1-13 wherein said 
fibrous cathode is comprised of at least one diamond, diamond-like carbon or 
glassy carbon composite fiber consisting essentially of diamond, diamond-like 
carbon or glassy carbon on a non-diamond core. 

35 l5 ' A display panel comprised of a fibrous cathode foimed of at least 

one fiber comprised of a field emission material, an electrically-conductive fflm 
serving as an anode and spaced apart from the fibrous cathode, and a phosphor 
layer capable of emitting light upon bombardment by elecuons emitted by the 
fiber field emission material and positioned adjacent to the anode, wherein the 

13 
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fibrous cathode is supported by a substrate and the portions of said fibrous 
cathode addressed, and from which electron emission occurs, are suspended and 
not in direct physical contact with the substrate, wherein the display panel further 
comprises: 

5 a* a regularly undulating surface on said substrate with a fixst set 

of parallel rows of crests and valleys and a second set of parallel rows of crests 
and valleys wherein the rows of crests and valleys of said first set ate not parallel 
to the rows of crests and valleys of said second set and the valleys of sftid second 
set are not as deep as the valleys of said first set; and 

19 b. said fibrous cathode consisting essentially of at least one fiber 
aligned along the length of each of the valleys of said first set of parallel rows of 
crests and valleys and suspended by the surfaces of the valleys of said second set 
of parallel rows of crests and valleys. 

16. Hie display panel of Claim 15 wherein said substrate is coated with 
15 an electrically^onductrve material except in the valleys and on the sides of the 

valleys of said second set of parallel rows of crests and valleys thereby providing 
a substrate coated with a parallel array of continuous strips of electrically- 
conductive material, each said strip serving as a gate electrode. 

17. The display panel of Claim 16 wherein said fibrous cathode is 

20 comprised of at least one diamond, diamond-like carbon or glassy carbon 
composite fiber consisting essentially of diamond, diamond-lfice carbon or glassy 
carbon on a non-diamond core, 

18. The display panel of Claim 17 wherein a non-emitting fiber is 
aligned along the length of each of the valleys of said second set of parallel rows 

25 of crests and valleys on top of said fibrous cathode thereby anchoring said fibrous 
cathode in place. 

19. The display panel as in any of Claims 16-18 farther comprising at 
least one additional gate electrode. 

20. The display panel as in any of Claims 16-18 in which the parallel 
30 rows of crests and valleys of said first set are perpendicular to the parallel rows of 

crests and valleys of said second set. 

21 . The display panel of Claim 20 in which the valleys of said first set 
are from about 25 pm to about 250 Jim deep and from about 10 pm to about 
350 pm wide, the crests of said first set are from about 25 pm to about 250 pm 

35 wide, the valleys of said second set are from about 10 pm to about 150 pm deep 
and from about 50 pm to about 125 pm wide, and the crests of said second set are 
from about 600 pm to about 700 pm wide. 

22. The display panel of Claim 21 in which the valleys of said first set 
are from about 100 pm to about 1 50 pm deep and from about 150 pm to about 

14 
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250 urn wide, the crests of said first set are from about 50 nm to about 150 um 
wide, and the valleys of said second set are from about 20 pm to about 50 um 



23. The display panel of Claim 15 further comprising at least one gate 
5 electrode and wherein the parallel rows of crests and valleys of said first set are 

perpendicular to me parallel rows of crests and valleys of said second set. 

24. The display panel of Claim 23 in which the valleys of said first set 
are from about 25 um to about 250 urn deep and from about 10 um to about 
350 pm wide, the crests of said first set are from about 25 pm to about 250 pm 

10 wide, the valleys of said second set are from about 10 pm to about 1 50 pm deep 
and from about 50 pm to about 125 pm wide, and the crests of said second set are 
from about 600 pm to about 700 pm wide. 

25. The display panel of Claim 24 in which the valleys of said first set 
are from about 100 pm to about 150 um deep and from about 150 um to about 

15 250 pm wide, the crests of said first set are from about 50 um to about 150 um 
wide, and the valleys of said second set are from about 20 um to about 50 pro 
deep. 

26. The display panel as in any of Claims 15 or 23-25 wherein said 
fibrous cathode is comprised of at least one diamond, diamond-like carbon or 

20 glassy carbon composite fiber consisting essentially of diamond, diamond-like 
carbon or glassy carbon on a non-diamond core* 

27. A display panel comprised of a fibrous cathode formed of at least 
one fiber comprised of a field emission material, an electrically-conductive film 
serving as an anode and spaced apart from the fibrous cathode and a phosphor 

25 layer capable of emitting light upon bombardment by electrons emitted by the 
fiber field emission material and positioned adjacent to the anode, wherein the 
fibrous cathode is supported by a substrate and the portions of said fibrous 
cathode addressed, and from which electron emission occurs, are suspended and 
not in direct physical contact with the substrate, wherein the display panel further 

30 comprises: 

a. a regularly undulating surface on said substrate consisting of 
parallel rows of valleys and essenrially flat crests; and 

b. said fibrous cathode consisting essentially of a regularly 
spaced parallel array of fibers, wherein said fibers are supported on said 

35 essentially flat crests of said sobstrate and suspended above said valleys of said 
substrate. 

28. The display panel of Claim 27 wherein said substrate is coated with 
an electrically-conductive material in the valleys and on the sides of the valleys of 
said set of parallel rows of valleys and essentially flat crests thereby providing a 

15 
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substrate coated with a parallel array of continuous strips of electrically- 
conductive material, one strip along each row of valleys , each said strip serving as 
a gate electrode. 

29. The display panel of Claim 28 wherein said fibrous cathode is # 
5 cornprised of at least one diamond, diamond-like carbon or glassy carbon 

composite fiber consisting essentially of diamond, diamond-like carbon or glassy ^ 
carbon on a non-diamond core- 

30. The display panel of Claim 29 to which said undulating surface is 
formed by etching a smooth substrate, wherein said essentially flat crests 

10 correspond to lightly etched regions of said substrate and said valleys correspond 
to more heavily etched regions of said substrate. 

31. The display panel of Claim 27 wherein said fibrous cathode is 
comprised of at least one diamond, diamond-Wee carbon or glassy carbon 
composite fiber consisting essentially of diamond, diamond-like carbon or glassy 

IS carbon on a non-diamond core. 

32. The display panel as in any of Claims 27-31 wherein saidfibers of 
said fibrous cathode are essentially perpendicular to said parallel rows of valleys 
and essentially flat crests* 

33. The display panel as in any one of Claims 28-31 further comprising 

20 at least one additional gate electrode. 

34. The display panel as in Claim 33 wherein said fibers of said fibrous 
cathode are essentially perpendicular to said parallel rows of valleys and 
essentially flat crests. 



16 



SUBSTITUTE SHEET (RULE 26) 



PAGE 27/32 1 RCVD AT 2/22/2005 5:13:08 PM [Eastern Standard Time] * SVR:USPT0-EFXRF-1/7 * DNIS:8729306 1 CSID:3028927343 * DURATION (mm-$s):0846 



"FEB, 22. 2005 6:26PM 

WO97/07S24 



NO. 3028 P. 28/32 



PCT/US96/11822 



1/2 




SUBSTITUTE SHEET (RULE 26) 



PAGE 28132 ' RCVDAT 2/22/2005 5:13:08 PM [Eastern Standard Time] ■ SVR:USPTO€FXRM/7 1 DNIS:8729306 • CSID:3028927343 1 DURATION (mm-ss):0846 



•FEB. 22. 2005 6:26PM 



NO. 3028 P. 29/32 



PCT/US96/12822 




SUBSTITUTE SHEET (RULE 26) 



PAGE 29132 1 RCVD AT 2/22/2005 5:13:08 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-1/7 * DNIS:8729306 ' CSID:3028927343 ' DURATION (mm*ss):08<46 



•FEB. 22. 2005 6:27PM 



NO. 3028 P. 30/32 



INTERNATIONAL SEARCH REPORT 



later 'aulApptic«i>»N6 

PC i /US 96/12822 



A. CLASSIFICATION OF SUI 

IPC 6 H61J31/12 



OF SUBJECT MATTER 



According 



to imtntttfoiMJ Patent QpgRariog (ffQ or to both Mgojuj cUmjkttgtfn and IPC 



& FIELDS SEARCHED 



MiiimumdocurocnteliOTmrc&ttl (dasslflcabon tysloti follows oy 

IPC 6 HOW 



i are included in the folds icarchcd 



Become Ow> b>» coreul i e d during Ok > 



C POCUMEMTS CONSIDERED TO Bfe RELEVANT 



Category' QLattoo ofciocurjjeai. with indication, where apea^aiu of the rdcvaM paaaaac* 



US f A,3 866 077 (BAKER FRANCIS SIDNEY ET 
AL) 11 February 1975 
see claims 1-11 

EP,A,6 366 055 (MATSUSHITA ELECTRIC IND CO 
LTD) 2 Hay 1990 
see claims 1-6 

EP,A.0 625 221 (TOKYO SH1BAURA ELECTRIC 
CO) 18 March 1981 
see claims 1-4 

PATENT ABSTRACTS OF JAPAN 

vol. 067, no. 972 (E-166), 25 March 19B3 

& JP.A.S6 001956 (TOKYO SH IB AURA DENKI 

KK), 7 January 1983, 

see abstract 

-/-- 



Reform to claim No. 



EH 



Further 



ir luted in fee continuation of box C 



m 



Patent family med**ri are liacd in i 



" Spedd dicfwrt« of dted doewncnts ; 

"A" dwm^ni ifcfiniiui Che tencre! 2air or art Which Li not 

considered lo be of particular relevance 
*E* earlier document but published on or after d* ittfrrnahonAl 

Gling dale 

*L" document which, nu> Ihrow doubts an priority cfaJfflfjQ or 
which is a ted to crtabiish the pdWicatfon dak of another 
citation or other ipeaal reason {as coiled) 

*0* document referrint; to an oral dxSclaccuTet tue* cxhibihOQ or 



t puhlldtod prior to ihc rntrnvsrionaJ ding dak Hat 
Uur man the pnarily daze claimed 



*T* Uttr dooin^m publijh&d after \ix inteTu««U] OLi^X date 
or priority date and nt* in conflict with the application but 
d led to understand the principle or theory under! vm* ibe 
invention 

"X" document of particular relevance; the claimed invention 
Cannot be considered novel or cannot be conndefed to 
involve an invendvc sop vnen toe document n taken alone 

* V document of particular itievancc; the claimed invennon 
cannot be eooAdered u> involve an invcimve nep when the 
document is combined with one or more other each docu- 
ments, such combination being obvious to a e 
in the art* 

*eV document member of the Same pttmt family 



Date of the actual eorapiebOn of tht i 



8 November 1996 



Name and mailing addrra or the IS A 

European Patent Office, P.B. SBI 1 PatenUaao 2 
NL-22WHV EUprwi* 
TtL( + 3L-70) 34O-»4a, TX- 31 nil epo nJ, 
Fttx(* 3MO) 3*0>30i6 



Date of maihng oT the international search report 



1 5. 11. 96 



Authorized officer 



Van den Bui eke, E 



» s>CT/l£v3it (tteoM e>Mu) ^ruiy i jso> 



page 1 of 2 

PAGE 3W32 1 RCVD AT 2/22/2005 5:13:08 PM [Eastern Standard Time] 1 SVR:U$PT0-EFXRM/7 * DNIS:8729306 1 CSID:3028927343 1 DURATION (mm-ss):0846 



, . - FEB. 22. 2005 6:27PM NO. 3028 P. 31/32 



l 



INTERNATIONAL SEARCH REPORT ^ WApp)u ^ 

PC i /US 96/12822 


C(CoRUiraaS«R) DOCUMENTS CONSIDERED TO BE RELEVANT 


CsttgMy * 


Cfotiop af decuman. ImUnrian, where appropriate, of fee relevant puugu 


Relevant to claim No. 


A 


■FELDEHITTER". 
20 September 1993 , NEUES AUS DER TECHNIK, 
NR. 3. PASE(S) 6 XP0G012149O 





Ponm PCTiTSA/nt (*»xtmuiii» of mod ibartj U*Jf l*W> 



page 2 of 2 



PAGE 31/32 1 RCVD AT 2/22/2005 5:13:08 PM [Eastern Standard Time] 1 SVR:U$PT0-EFXRM/7 * DNIS.8729306 1 CSID:3028927343 4 DURATION (mm-$s):0846 



- • F*EB. 22. 2005 6:27PM 



NO. 3028 P. 32/32 



INTERNATIONAL SEARCH REPORT 



Hat =Otal ApjiidHan Mo 

PC i /US 96/12822 



Pixtm. document 
cited in search report 



Publication 
date 



Patent fimfly 
mjember(a) 



Pubfication 
date 





1 1 -07-7^ 






1/1. AC. 71; 


EP-A-83 66055 


02-05-90 


OP-A- 


2117056 


01-05-90 






OP-A- 


2121239 


99-05-90 






JP-B- 


6044467 


08-06-94 






JP-A- 


2121248 


09-05-90 






DE-D- 


68911846 


10-02-94 






DE-T- 


68911646 


14-04-94 






US-A- 


4982134 


01-01-91 


EP-A-0625221 


18-03-81 


OP-A- 


56038759 


14-04-81 






JP-A- 


56038751 


14-04-81 






US-A- 


4341989 


27-07-82 



Form PCT/ISAV3H &>mw ffcmUy «uwa) (Ja* IH3) 



PAGE 3202 1 RCVD AT 2/22/2005 5:13:08 PM [Eastern Standard Time] 1 SVMSPTMFXRMI7 • DNIS:8729306 • CSID:3028927343 ' DURATION (mm-ss):0846 



